Central place foragers, such as breeding seabirds, need to commute between their nests and foraging grounds, thus close proximity of the breeding colony to productive oceanographic features might be beneficial for seabird reproduction. We tested this hypothesis by investigating the at-sea foraging and breeding behavior of thick-billed murres (Uria lomvia) nesting at three colonies (Bogoslof, St. Paul, and St. George Islands) in the Bering Sea located at different distances from the productive continental shelf-break. We found that distances to feeding areas differed only during night trips among colonies. St. Paul murres foraged entirely on the shelf, whereas St. George murres commuted to the continental shelf-break at night and foraged on the shelf during the day. Bogoslof murres foraged in oceanic waters in close proximity to the colony. Murres breeding at the both Pribilof colonies spent less time attending nests and had higher levels of stress hormone corticosterone compared to murres breeding at Bogoslof, although chick-provisioning rates and fledging success were similar among the three colonies. Lower nest attendance and higher corticosterone suggest lower food availability in the Pribilof domain compared to the Bogoslof region. Murres breeding at the Pribilofs used different foraging strategies to buffer effects of food shortages on their reproduction: flight costs associated with longer distance night trips at St. George were presumably balanced by benefits of higher density and/or more lipid rich prey in the continental shelf-break regions, whereas the additional distance of St. Paul from the continental shelf-break may have outweighed any energetic gain. Murres exhibited a remarkable degree of plasticity of foraging strategies in response to changes in their food availability, but the breeding success of murres did not reflect either food limitations or the colony proximity to productive oceanographic features.
. Parents may therefore feed their offspring higher value prey items than they consume themselves because of the nutritional requirements of growth and development (Forero et al., 2002) . It may also benefit central place foragers with limited ability to carry and transport prey to deliver fewer, high quality meals to their offspring while feeding on prey of more variable quality because of the costs of transporting food items (e.g., Davoren and Burger, 1999) .
The availability of prey to marine predators is highly variable in time and space. Diel vertical migrations of oceanic prey species can result in large temporal patchiness of food availability, with prey brought close to the surface during the night (Moku et al., 2000) . Prey are distributed over a large range of spatial scales (Maravelias et al., 1996) , with aggregations often described by a nested hierarchical patch structure (Fauchald and Erikstad, 2002; Kotliar and Wiens, 1990; Russell et al., 1992) . At larger scales, schools or swarms of prey are often concentrated into patches associated with specific marine habitat requirements, spawning migrations, or meso-scale oceanographic features such as fronts or eddies linked to strong bathymetric relief or circulation patterns (Mackas et al. 2005; Polovina et al., 2001) . Seabirds in temperate, sub-arctic and polar regions are strongly attracted to these mesoscale patches, concentrating their foraging near major oceanographic features such as shelf edges and fronts, where prey are abundant and predictable over extended time periods (Hamer et al., 2009; Skov et al., 2008; Weimerskirch, 2007) . In contrast, the predictability of prey in oceanic waters is presumably lower, and seabirds show relatively little fidelity to particular feeding locations (Weimerskirch, 2007) . Thus, for many seabirds, the proximity of a breeding colony to spatially and temporally predictable high-quality foraging habitats may be important to successfully rear their chicks.
Close proximity to predictable foraging habitat may be especially important for energetically constrained species with high travel costs. Murres (Uria spp.) have elevated flight costs compared to other seabird species because of their small wing area and high wing loading (Pennycuick, 1987) , and energy expenditure has been shown to increase with foraging distance (Gaston, 1985a) . Murres typically deliver only one prey item at a time to their chick (Houston, 2002) , and both frequency of chick meal delivery and chick fledging mass may be limited by the amount of time and energy expended on foraging trips Houston et al., 1996) . Although both parents share chick-provisioning duties, trip duration and distance is also constrained by the need for one member of the pair to be present with the chick at all times to prevent predation and exposure to poor weather conditions (Birkhead and Nettleship, 1981) . Flexible time budgets allow murres to maintain chick-feeding rates and breeding success (Kitaysky et al., 2000) at fairly constant rates over a range of foraging conditions, by allocating more time to foraging when conditions are poor . However, very little is known about how foraging distances vary under different conditions of food availability (e.g., Wilson et al., 2005) . While at-sea surveys are useful for broadscale measures of abundance and foraging distribution (Clarke et al., 2003; Trathan et al., 1998) , birds enumerated in these surveys can include a high proportion of non-breeding individuals , and it is impossible to determine breeding location when multiple colonies are within commuting distance. A few studies have estimated commuting distances from flight durations obtained by time-depth data loggers (Takahashi et al., 2008; Watanuki et al., 2001 ), but little is known about actual foraging areas and habitat use of individuals (Benvenuti et al., 1998) .
We examined how proximity of the breeding colony to particularly productive oceanographic habitats influences the foraging behavior and breeding performance of thick-billed murres (Uria lomvia) by studying three Bering Sea colonies located at varying distances from productive oceanographic features. A previous study has shown that breeding thick-billed murres can forage up to distances of 168 km from their colony (Benvenuti et al., 1998) . Bogoslof Island is an oceanic colony, surrounded by deep waters ca. 30 km north of the Aleutian shelfbreak, whereas the two Pribilof Islands are located in the shallow waters of the middle domain of the continental shelf, but at different distances from the continental shelf-break; St. George is located ca. 30 km from the continental shelf-break, while St. Paul is located ca. 90 km away (Fig. 1) . Both the continental shelfbreak and the Aleutian shelf-break are characterized by elevated productivity, and provide important foraging grounds for seabirds in the Bering Sea Schneider, 1982; Springer et al., 1996) . Although murre diets have been quantified at the three colonies (e.g., Iverson et al., 2007; Renner et al., 2012; Sinclair et al., 2008) , very little is known about where murres from these colonies forage (Kokubun et al., 2008; Takahashi et al., 2008) . Moreover, although there is evidence that Pribilof murres sometimes forage on the shelf, these data are restricted to very few years and the availability of shelf-based prey varies greatly among years (Sinclair et al., 2008) .
The Bering Sea has experienced climate shifts in recent decades (Hare and Mantua, 2000) , with ocean conditions oscillating between regimes of predominately warm or cold temperatures. Such regimes have been shown to affect the abundance and quality of forage fish and invertebrates (Litzow et al., 2006) . Annual variation in oceanographic conditions around the Pribilofs has been shown to influence seabirds breeding on the islands, with higher levels of nutritional stress of piscivorous seabirds during cold years attributed to poor foraging conditions on the continental shelf (Benowitz-Fredericks et al., 2008; Satterthwaite et al., 2012) . Key forage fish species, such as the juvenile walleye pollock (Sinclair et al., 2008) , are less abundant on the continental shelf during cold years because they either disperse or travel deeper to avoid cold waters (Hollowed et al., 2012) . We studied birds in 2009, which was characterized by cold oceanographic conditions (Stabeno et al., 2012) , providing a good opportunity to examine the importance of accessibility to the shelf-edge for Pribilof birds during years when food availability on the shelf is poor.
Species have different abilities to respond to changes in foraging conditions, and the sensitivity of different parameters therefore differ in their sensitivity to changes in food availability among species . The closely related common murre has been shown to buffer chick-feeding rates and fledging success across a wide range in food availability by reallocating discretionary time spent at the colony to foraging effort Piatt et al., 2007) . Reproductive performance is therefore not a good indicator of foraging conditions (Kitaysky et al., 2000) , whereas the behavior of adults (colony nest-attendance; Harding et al., 2007) , and blood levels of stress hormones have been shown to be directly related to changes in the availability of food resources to chick-rearing murres.
The steroid hormone corticosterone (CORT) plays an important role in an individual's adaptive response to environmental stress (Romero et al., 2000; Wingfield et al., 1998) . Individuals have been shown to respond to a number of stressors such as challenging environmental conditions, parasites, and predators by increasing secretion of CORT (e.g., Raouf et al., 2006; Romero et al., 2000) . Levels have also been shown to be elevated during food shortages (Kitaysky et al., 1999a (Kitaysky et al., , 1999b , and in individuals in poor body condition (Kitaysky et al., 1999b; Romero and Wikelski, 2001 ; but see Schultner et al., 2013) . Studies of seabirds have shown that the secretion of CORT is largely driven by changes in food (Benowitz-Fredericks et al., 2008; Kitaysky et al., 1999b Kitaysky et al., , 2007 Kitaysky et al., , 2010 , and a strong negative correlation between CORT and fish abundance has been demonstrated in a number of seabird populations, including common murres (Uria aalge; Kitaysky et al., 2007) . Baseline concentrations of CORT increase in a matter of days in response to food limitation 2010) , and a number of seabird studies have used CORT as an index of the nutritional status of individuals (e.g., Dorresteijn et al., 2012; Satterthwaite et al., 2010; Schultner et al., 2013; Welcker et al., 2009) .
We tested the hypothesis that close proximity of the breeding colony to a productive oceanographic feature is beneficial for breeding murres. We used GPS loggers to determine the foraging location of murres from each colony, and examined how differences in foraging habitat and foraging distance from the colony affect diet, diving behavior, parental time budgets, breeding success, and the nutritional status of parents.
We predicted that breeding murres from Bogosof would commute to the Aleutian shelf-break, and that murres from St. George and St. Paul would commute to the continental shelfbreak. Given the energetic and time constraints associated with a longer commute to foraging grounds, we further predicted that St. Paul murres would experience greater food limitation and spend less time at the colony. Previous tagging studies were done with large seabirds and marine mammals (Le Boeuf et al., 2000; Ryan et al., 2004) ; this is the first study to use GPS receivers on a smaller diving and flying seabird. We used CORT concentrations in blood plasma as a measure of the energy balance of parents breeding at each colony, and define nutritional stress as when food resources are in lower supply than optimal.
Methods

Study system
A shelf-break bisects the Bering Sea, separating the shallow continental shelf from the deep waters of the basin hydrographic domain. The edge of the continental shelf has been described as the Bering Sea Green Belt, with the highly productive habitat resulting from physical processes such as crosswise circulation and eddies in the Bering Slope Current, tidal mixing, and advection and upwelling that bring nutrients into the euphotic zone (Coachman and Walsh, 1981; Schumacher and Reed, 1992; Springer et al., 1996) . Primary productivity at the shelf break is approximately 60-270% higher than that in the outer shelf and ocean domains (Springer and McRoy, 1993; Springer et al., 1996) . High productivity along the shelf break supports large numbers of zooplankton, fish and squid (Radchenko, 1992; Sinclair and Stabeno, 2002) , which in turn attracts high numbers of marine mammals and seabirds (Piatt and Springer, 2003; Schneider, 1982) . Further south, the Aleutian Islands form the border between the Bering Sea and the North Pacific Ocean, and the combination of strong currents, abrupt topography and distinct water masses from the two separate water basins promotes high primary productivity and also sustains large numbers of predators Springer et al., 1996) .
We 
Field methods
Field work encompassed the period from pre-lay through to the end of chick-rearing (Bogoslof field work¼June 21-Sept 2; median hatch date 21 July (range ¼13 Jul-31 Jul, n¼48 nests); St. George field work¼May 16-Sept 8; median hatch date 27 Jul (range¼12 Jul-12 Aug, n¼169 nests); St. Paul field work¼25 May-1 Sept; median hatch date 2 Aug (range¼ 20 Jul-24 Aug, n¼142 nests)).
Instruments
We opportunistically selected thick-billed murres that were rearing chicks 5-15 days old throughout the chick-rearing period, catching them at the nest-site using a telescoping noose-pole (Hogan, 1985) . Captures of birds on the Pribilofs were distributed throughout the daylight hours, whereas Bogoslof murres were primarily captured at dawn to maximize the chance of recording active foraging behavior during the battery life of the GPS (see below). Instruments were only deployed on one member of a breeding pair at a time. At initial capture, each bird was weighed (71 g) and one or two instruments were attached; a Time-Depth Recorder (TDR), and a GPS (Table 1 ). Both instruments were (Paredes et al., 2005) . GPS loggers were waterproofed prior to attachment using shrink heat tubing (4FT IC8725 3/4 inches clear; Frigid North, AK, USA), heated to mould tightly around the logger and minimize buoyancy. Handling time took ca. 10-15 min, and less than 20 min in all cases. Recapture efforts started approximately 24 h postdeployment, and birds were recaptured on average after 39 h (Bogoslof mean¼30 h; St. George mean¼59 h; St. Paul mean¼31 h; Table 1 ). Upon recapture, all instruments were removed, and body mass was measured again. All individuals were banded with a unique USFWS metal band prior to release.
Lotek TDRs LAT 2500 (mass¼3.6 g, dimensions¼ 8 Â 35 mm) recorded depth and time every 1 s, with an absolute pressure accuracy of þ/ À1% of full scale. Two types of TechoSmart GPS loggers with rechargeable batteries were used. The Gipsy-3 (flat antennae: dimensions 41 Â 14 Â 7 mm; total mass¼10 g), with a 250 mA battery was used on Bogoslof, whereas the TechnoSmart Gipsy-2 (flat antenna: dimensions 23 Â 15 Â 6 mm; total mass¼10-14 g), with a 250-500 mA battery, was used on the two Pribilof Islands. Latitude and longitude were recorded at intervals of 1-2 s for 495% of positions acquired. Longer time gaps where satellite reception was lost, however, did occur and varied by island, thereby affecting deployment duration (acquiring satellite signal reception requires more battery power than simply recording positions) and the resolution of tracks. 
Chick diet
Murres bring a single prey item to their chick, usually held in line with the bill and with a proportion of the prey visible for identification. Identification methods were of three types: all-day watches dedicated to observations of chick diet (St. Paul), ancillary observations made during all-day adult time-budget watches (all three islands), and targeted periods of time dedicated to the digital photography of prey loads using a digital SLR camera [Canon 500 mm F4, usually with a 1.4 extender (Bogoslof)]. Photographic sessions on Bogoslof were conducted between 0800-2100 Alaska-time, and we therefore restrict the comparison of chick diet among colonies to prey delivered during this time period. A telescope with a 20-60 zoom lens or 10 Â 42 binoculars were used to identify prey items during the observations sessions; photographed prey were viewed and identified on a computer screen. All prey were identified to the lowest possible taxonomic level and visually assigned to a size category. The three size categories were (S) smaller, (L) larger, or (M) equal to the gape length of the parent.
Adult diet
Diet samples of breeding adult murres were obtained using the water off-loading (lavage) method described in detail by Wilson (1984) and for murres by Ito et al. (2010) , with the process repeated twice to ensure as complete emptying of the stomach as possible (Neves et al., 2006) . Both GPS birds and non-GPS birds were lavaged, and GPS birds were only sampled during their second capture. Total numbers of birds diet-sampled at each island were: St. Paul n ¼50, St. George n¼ 55, Bogoslof n¼ 34, and captures were distributed evenly during day-light hours. Diet results are presented as percent occurrence (defined as the percentage of samples containing at least one item of a given prey type).
Parental time Budgets
We measured parental attendance and chick-feeding rates (feeds h À 1 ) at each of the three colonies. Individually marked chick-rearing parents were observed on plots containing 7-13 breeding pairs of murres from sunrise to sunset, during 3-4 observation-days at each of the three colonies. Observation-days were scheduled to sample the early (1-3 August), middle (6-9 August) and late (12-15 August) parts of the chick-rearing phase to control for any change in provisioning behavior with chick age (Birkhead and Nettleship, 1987) . Where possible we observed the same nest-sites across chick-rearing, although constraints placed by the need of simultaneous observation of GPS-tagged and untagged birds resulted in fewer observation days at some nests because tagged individuals differed among observation days and observed nests had to be in one field of view.
Parent's arrival and departure time at the colony were noted, along with the time of food delivery to chicks. Attendance was measured in bird-minutes per hour . For example, where one brooding parent attended its nest for a full hour, and the off-duty partner attended for half of that hour, we calculated 90 bird-minutes of attendance for that hour. Fewer than 60 bird-minutes of attendance would mean that the egg or chick was left unattended for some period of time.
Corticosterone
We sampled circulating levels of baseline CORT from breeding adults during the chick-rearing period at each colony to infer the energy balance of parents (St. Paul n¼85; St. George n ¼72; Bogoslof n¼44). These included samples from the initial capture of individuals deployed with GPS units at St. Paul (n ¼16) and St. George (n¼13), All birds were sampled according to a standardized technique (Benowitz-Fredericks et al., 2008) , with a blood sample ( o500 ml) collected within three minutes of capture.
After blood collection, all samples were centrifuged, and plasma was preserved frozen for later analysis at the University of Alaska Fairbanks.
Fledging success
Fledging success (number of chicks fledged per nests with chicks) was determined at each colony from data recorded during regular observations of sites with eggs (Byrd et al., 2008a; Harris and Wanless, 1988) . A minimum of six plots were selected at scattered locations at each colony, and each plot was comprised of 20-30 nests. Nests were checked every 3-6 days, and chicks were considered to have fledged if they disappeared from the nest-site more than 15 d after hatching (Byrd et al., 2008a; Gaston and Jones, 1998) .
Instrument effect
We examined: (a) to what extent the instruments may have distorted the normal behavior of the bird, and (b), whether the effect of the device varied among colonies. First, incidences of abandonment and chick-loss post GPS deployment were examined. Second, we examined the effect of instrumentation on behavior by directly observing GPS-tagged birds, and comparing attendance and chick-feeding rates of those birds with controls on the Pribilof colonies (we were unable to observe GPS-tagged birds on Bogoslof due to nesting locations, which were not visible from land). Third, we determined how instrumentation affected the physiology of individuals, by (a) comparing changes in mass between tag deployment and recapture at each colony, and (b) comparing changes in baseline CORT levels between deployment and recapture on St. Paul and St. George only. Levels of circulating CORT have been used previously to index the extra energy cost associated with instrumentation (e.g., Takahashi et al., 2008) , consequently we collected blood samples from individuals at both initial capture for tagging and recapture.
Laboratory analysis
CORT concentrations (ng mL À 1 of plasma) were measured using radioimmunoassays. Each sample was equilibrated with 2000 cpm of tritiated CORT prior to extraction with 4.5 mL distilled dichloromethane. After extraction, percent tritiated hormone recovered from each individual sample (average hormone recovery was 487%) was used to correct final CORT concentrations. Samples (in duplicates) were reconstituted in PBSG buffer and combined with antibody and radiolabel in a radioimmunoassay. Dextran-coated charcoal was used to separate antibodybound hormone from unbound hormone. All samples were analyzed in five different assays; sensitivity of the assays was 7.8 pg per tube, and inter-assay variation was less than 6 %.
Statistical analysis
Location data from GPS units were used to determine foraging range and maximum distance from the colonies. We first used a forward-backward speed filter (McConnell et al., 1992 ) with a maximum speed of 80 km/h (Croll et al., 1991) to cull erroneous positions ( o5% of locations were removed), leaving over 1 million locations from 44 individuals. Not all birds were equipped with dive loggers to identify known foraging activity, therefore we developed criteria to define a foraging trip based on activities of birds carrying dive loggers and direct observations of adults returning with prey to provision chicks. According to these criteria, a bird needed to depart a 50 m buffer around the nest site (selected based on accuracy of GPS position fixes and proximity of nesting location to the ocean) for a minimum of 10 min (the mean minimum duration among islands of a foraging trip resulting in the feeding of a chick during provisioning rate observations) to be included in analyses of foraging activity. We measured the straight-line distance between the nest site and the most distant location of the each central-place trip. In situations where a complete round-trip was not recorded because of GPS failure, we still included the maximum distance estimate in our analysis if the individual began returning to the colony (to within 75% of the maximum distance). The one exception to this rule was that all night trips of birds from Bogoslof (n¼5) were included, even if the GPS failed before the bird began returning to the colony. Most GPS units at Bogoslof stopped recording (due to lower battery capacity from a shore-based, photovoltaic powered charging system) before an entire night foraging trip could be obtained. Therefore, values for Bogoslof represent a minimum estimate of distance traveled from the colony. An overnight trip was defined as beginning on one calendar day and returning the next. Differences in trip distance were examined with a General Linear Model (GLM), with colony, time (day or night), and the interaction between colony and time as factors; and Tukey tests were used for post-hoc comparisons.
We used data from dive loggers to compare maximum depth [per dive] between islands (St. George and Bogoslof) and day vs. night foraging. Although the loggers were set to begin recording at 5 m, the delay in instrument reaction time resulted in the first depth of a dive sometimes recorded as 7 m if the bird dived rapidly past the 5 m threshold for initiating depth recording.
A dive was therefore classified as descending greater than 7 m for 43 s (based on an approximate descent rate of 1.1 m/s) and o4.45 min (the maximum dive duration based on visual review of dive profiles). Night dives were defined as occurring between evening and morning nautical twilight when the center of the sun is o12 degrees below the horizon and no visible sunlight remains. Day dives occurred between sunrise and sunset and crepuscular dives were between nautical twilight and sunrise or sunset. The sun zenith for each location was calculated with the sun position program written in Matlab (Vincent Roy, The MathWorks.com\usersforum) using the latitude and longitude of each island and compared to the United Stated Naval Observatory solar table to verify accuracy.
The proportion of squid vs. fish in chick diet and the relative importance of squid, fish and euphausiid (% occurrence) in adult diet were compared among colonies using a Chi-square test. We compared time spent at the colony (attendance) and chickfeeding rates obtained from observations among colonies using a GLM, with colony as a factor. Circulating levels of baseline CORT were compared among colonies with an ANOVA, with colony as a factor, and Tukey multiple comparisons were used as post-hoc tests. Similarly, fledging success was compared among colonies with an ANOVA, where average value per plot (n ¼6 plots at Bogoslof; 12 at St Paul, and 10 on St. George) was used as a sampling unit, and colony as a factor.
To examine the effect of GPS loggers on the behavior of birds observed at the colony, we compared attendance and chickfeeding rates between simultaneously observed GPS and control nests using a GLM, with colony (St. George or St. Paul) and GPS (1 or 0) as treatment effects. During prior tests we found no significant effect of nest on either of these parameters, and therefore used nest-day as the sample unit for all subsequent analyses. To determine whether partners were compensating for the reduced performance of the GPS birds (Paredes et al., 2005) , we compared the chick-feeding rates of GPS birds and their partner using a paired t-test. The mass of birds at deployment of GPS (hereafter 'initial capture') differed significantly among colonies (F 2,88 ¼21.64, Po0.001), with St. Paul birds heavier than either St. George or Bogoslof (St. Paul mean ¼1104.9715.3 g, n¼27; St. George mean ¼987.6 710.9 g, n¼28; Bogoslof mean ¼ 1018.9711.6 g, n ¼34). To compare changes in body mass during deployment among islands we therefore used mass change as a percentage of mass at initial capture (only birds where GPS loggers remained successfully attached for full deployment were included in this analysis) a GLM was used, with colony as a factor, and the total number of hours deployed included as a covariate. A two-way ANOVA was used to compare mean dive depth between time of day (day, night, and crepuscular) and colony (Bogoslof and St. George). Dive data were log-transformed prior to analysis, and Bonferroni post-hoc multiple comparison tests used. A separate paired t-test was used to compare levels of circulating CORT between initial capture and recapture at St. Paul and St. George. CORT data were log-transformed prior to analysis to attain normal distribution.
GPS tracking and dive data were processed using custom programs written in Matlab. Statistical tests were performed in Minitab and SPSS. Statistical significance was assumed at P o0.05. Unless otherwise indicated, values reported are means71 S.E.
Results
Foraging location
St. George birds foraged on the shelf during the day and on the continental shelf-break and the basin at night. There was less noticeable diurnal difference in the foraging location of murres breeding at St. Paul and Bogoslof: the majority of St. Paul birds foraged on the shelf to the NW of the island, and Bogoslof birds all foraged in the deep water over the basin (Fig. 1) Fig. 2 ), but there was no significant difference in day trip length among colonies.
Dive depth
A total of 10,002 dives from 42 birds were recorded; 5533 dives from 26 birds at Bogoslof, and 4469 from 16 birds at St. George. There was no significant difference in mean dive depth between islands (F 1 ¼ 0.84, P¼0.361), but dive depth differed significantly between the three time periods (day, night, and crepuscular; F 2 ¼194.01, Po0.001), with deeper dives conducted during the day, shallower dives at night, and dives of intermediate depth during the crepuscular hours (Table 2; Fig. 3 ). The majority of dives performed during the night were less than 20 m deep at both islands, whereas mean maximum depth per individual conducted during the day ranged from 22-106 m (Table 2 ; Fig. 3 ). The maximum dive depth recorded was 142 m from a bird at Bogoslof.
Chick diet
A total of 712 prey items were observed at the three colonies, and, out of these, 465 (65%) were visible for some kind of identification. The remaining 35% were either not identified because the prey were obscured from view or the delivery was too fast. The proportion of fish vs. squid in chick diet differed among the colonies (w 2 ¼ 152.61, df ¼2, Po0.001; (70-72% of fish); the majority of identified fish at St. Paul were eelpouts (Zoardidae) and pricklebacks (Stickaeidae), whereas a higher diversity of fish species was identified at St. George. A total of 563 prey items (Bogoslof n ¼166, St. George n¼ 280, St. Paul n¼117) were categorized into three broad prey sizes: smaller than the parent's gape length (S), the same length as the gape (M), and longer than gape length (L). There were no small prey observed on Bogoslof (M ¼23%, L¼77% of diet samples), whereas both St. George (S ¼26%, M¼31%, and L¼43%) and St. Paul (S ¼27%, M ¼9%, and L¼64%) birds delivered a wider range of prey sizes.
Squid were primarily large at Bogoslof (B ¼19%, L¼81%, n¼130); of mixed size at St. George (B ¼31%, L¼39%, S¼30%, n¼130), and the single squid observed at St. Paul was large. A similar pattern was observed with unidentified fish relatively large at Bogoslof (B ¼20%, L¼80%, n ¼5), and of more mixed sizes at the two Pribilof Islands (St. George: B ¼35%, L¼48%, S ¼17%, n¼91; St. Paul: B ¼7%, L¼59%, S ¼34%, n ¼71).
Adult diet
Adult diet reflected both day and night-time foraging, however, there may be a sampling bias associated with trip duration, with soft-bodied prey collected at night (longer trip duration) likely to be underestimated to a larger extent because of the longer time duration between prey ingestion and lavage. The relative importance of fish, squid and euphausiids (% occurrence; see methods) in adult diet differed among colonies (w 2 ¼ 228.29, df¼2, Po0.001); parents on St. Paul fed mostly on fish (primarily juvenile walleye pollock, Theragra chalcogramma, 93%), whereas squid dominated the diet on both St. George (77%) and Bogoslof (90%), and euphausiids were most common at Bogoslof (20%). Pollock was the dominant identified fish species in the diet at both Pribilof Islands (Table 3) , and lab dissection of undigested pollock suggests that the ingested polychaete worms were internal fish parasites.
Parental time budgets
Nest attendance differed between colonies (F 2,80 ¼4.25, P¼0.018), with birds spending more time at their nest at Bogoslof than either of the two Pribilof Islands (Bogoslof mean -¼66 71.11 min h À 1 , n¼27; St. George mean ¼6370.81 min h À 1 , n ¼15; St. Paul mean ¼6370.47 min h À 1 , n¼39; Fig. 4 ). There was no difference in chick-feeding rates among colonies (F 2,57 ¼0.64, P¼0.529 ; Fig. 4) ; chicks at all three colonies received the equivalent of 3-4 meals in a 16 h day.
Corticosterone
CORT levels differed among colonies (F 2,198 ¼12.12, Po0.001). CORT levels at Bogoslof (log transformed mean¼0.4770.046 ng ml 1 , n¼ 44) were lower than both St. George (mean¼0.6570.036 ng ml 1 , n¼ 72) and St. Paul (mean¼0.7570.033 ng ml 1 , n¼85), but there was no difference in CORT levels between the two Pribilof Islands (Tukey multiple comparison test P40.05; Fig. 4 ).
Fledging success
Fledging success did not differ significantly among the three colonies (F 2, 25 ¼1.39, P ¼0.267); and it was high at all three colonies (St. George¼0.8570.01, n¼ 10 plots; St. Paul¼0.8470.01, n¼12 plots; Bogoslof¼0.9170.05, n¼6 plots; Fig. 4 ).
Effect of GPS loggers
Eighty-seven GPS loggers were deployed at the three colonies (Table 1) ; 70 of these birds were recaptured. Of the 17 loggers not retrieved, nine (10%) were on birds that abandoned their nests after the instrument deployment and eight (9%) birds fledged their chicks during the instrument deployment. A total of 44 GPS deployments resulted in usable data [see Methods] for foraging trip analysis (Table 1) . These deployments recorded a total of 93 trips (Bogoslof n ¼33, St. George n ¼28, St. Paul n¼ 32). There was a significant effect of GPS on the attendance of birds at St. Paul and St. George (logger effect: F 1,70 ¼ 10.44, P¼0.002), but no significant difference between the two colonies (logger effect Â colony interaction: F 1,70 ¼ 0.26, P¼ 0.614). Birds at control nests spent more time at the colony than birds at nests where one member of the pair was instrumented (control mean ¼ 63.29 70.41 bird min/h À 1 , n ¼54 nest-days; GPS nest mean¼ 60.3370.68 bird min h À 1 , n ¼17 nest-days). Chick-feeding rates did not differ significantly between control and instrumented nests at the Pribilofs (F 1,51 ¼2.66, P¼ 0.109: controls¼0.2570.28 feeds h À 1 , n ¼34; instrumented ¼0.1770.05, n ¼18), or between the two colonies (F 1,51 ¼0.00, P¼0.970). Within nests of instrumented birds, there was no significant difference in chick-feeding rates between the GPS bird and their uninstrumented partner (Paired t-test: T¼ À1.11 16 , P¼0.282).
Mass change during deployment, calculated as a percentage of mass at initial capture upon recapture, differed significantly among the three colonies (F 2,63 ¼4.00, P¼ 0.023), but did not change with the duration of deployment (F 1,63 ¼2.06, P¼0.157). St. George birds lost a higher percentage of their initial body mass than birds from St. Paul and Bogoslof (St. George mean ¼ À 5.2571.04%, n¼18; St. Paul mean¼ À1.4770.90%, n¼20; Bogoslof mean¼ À3.8970.85%, n¼25).
CORT levels of birds at initial capture and subsequent recapture were determined on St. Paul and St. George colonies only (see Methods). There was no significant difference in circulating levels of CORT between the two colonies (F 1,58 ¼0.00, P¼0.982), capture period (initial capture and recapture: F 1,58 ¼ 1.10, P¼0.298), or the interaction between colony and capture period (F 1,58 ¼0.01, P¼0.923).
Discussion
Our main results can be summarized as: (a) murres nesting at St. Paul did not commute to the continental shelf-break, and instead foraged entirely on the shelf, whereas murres nesting at St. George commuted to the continental shelf-break at night, and foraged on the shelf during the day. Bogoslof murres foraged entirely over the basin relatively close to the colony, and did not commute to the Aleutian shelf-break, (b) levels of food limitation at the two Pribilof Islands were similar, and higher than those at Bogoslof Island, and (c) murres at the Pribilofs spent less time at the colony than Bogoslof birds, but there was no difference in colony attendance between St. George and St. Paul. Below, we discuss these results under four broad categories: (1) Foraging behavior, (2) Diet, (3) Colony attendance, and (4) Instrument effects and performance.
Foraging behavior
Contrary to our predictions, birds on St. Paul foraged entirely on the shelf instead of traveling further distances to the continental shelf-break, St. George birds only traveled to continental shelf-break waters at night, and Bogoslof birds fed entirely in the basin rather than along the Aleutian shelf-break. Although there were technical limitations with the Bogoslof GPS tags, distances estimated from temperature-depth-recorders (much smaller Cefas tags, weight $ 2.7 g) deployed in the same study year by a simultaneous study were also short (ca. 17 km; C. Barger Unpubl. data). CORT levels suggest that foraging conditions were relatively good at Bogoslof, whereas birds at the two Pribilof Islands were experiencing similar high levels of food limitation. To put our 2009 CORT results into context, the lowest CORT levels (indicative of favorable foraging conditions) in chick-rearing thick-billed murres recorded on St. Barger and Kitaysky, 2012) . CORT levels in 2009 on St. Paul and St. George were therefore $ 2 times higher than the lowest values recorded at these islands. These results have important implications at both the individual and population level, as elevated levels of CORT reduce survival in a number of seabird species, including murres Satterthwaite et al., 2010) .
Even if it is more profitable to feed in a certain area, murre parents need to balance the costs of longer flight with either more abundant or higher quality prey. Given energetic and time limitations associated with high flight costs and the need for parents to feed their chick 3-5 times per day (Croll et al., 1991) , parents may be constrained to feed in less ''profitable'' areas closer to the colony. Although oceanic domains are thought to be relatively low in productivity (Springer and McRoy, 1993; Springer et al., 1996) , deep-water prey are usually high quality, and may be very concentrated near the surface at night due to diel vertical migration even if total productivity of the water column is relatively low. Vertically migrating fish, squid, and zooplankton species that live in deep basin waters tend to store large energy reserves so they can fast for extended periods and maintain near neutral buoyancy over a wide range of depths and pressures (Moku et al., 2000; Visser and Jonasdottir, 1999) . The diet of seabirds that forage over deep water basins usually include species with relatively high energy densities, such as northern lampfish (Stenobrachius leucopsarus), and northern smoothtongue (Leuroglossus schmidti; Iverson et al., 2007; Lance and Roby, 2000) . Lipid values of individual species have also been shown to vary among habitats, and a recent study on the energy density of forage fish and invertebrates in the southeastern Bering Sea has shown that the lipid values in squid varied from 9-52%, with energy values higher in the slope region than over the shelf (Whitman, 2010) . Therefore, the prey species available in the deep basin waters around Bogoslof and off the shelf near the Pribilofs were of substantially higher quality than those available on the shelf. Distances traveled by Bogoslof birds at night were equivalent to the distance to the Aleutian edge, suggesting that prey profitability was higher in the deeper basin waters than along the chain. Although we recorded very few night trips on Bogoslof, a simultaneous study on the diet (measured by stable isotopes) and foraging behavior (measured by temperature depth recorders) supports our findings, showing that thick-billed murres on Bogoslof were eating squid and euphausiids, and conducting relatively short-distance trips from the colony (ca. 17 km; C. Barger Unpubl. data). Interestingly, the day-time foraging locations of Bogoslof birds also suggest that energy gained from prey in the basin outweighed any benefits associated with traveling further distances to the Aleutian chain, despite the absence of diurnal vertical migration. Further study is now required to understand the day-time availability of basin-based prey. St. George birds were able to forage in the basin at night, when they were free from day-time chick-provisioning constraints, but it was energetically unfeasible for St. Paul birds to make the long commute to the basin, despite the higher quality prey available in the basin.
Birds on both St. George and St. Paul foraged on the shelf during the day, despite evidence of energy limitation. These results suggest that it was energetically beneficial for birds at both islands to forage closer to the colony when feeding their chick. Perhaps food availability on the shelf in 2009 was sufficient to outweigh the additional energetic and time costs associated of commuting to the continental shelf-break/basin, and/or chick provisioning requirements confined day-time foraging trips. Certainly, previous studies have shown that Pribilof murres sometimes forage on the shelf in frontal areas associated with tidal currents and bottom topography (Decker and Hunt, 1996; Kokubun et al., 2008) , with foraging efforts often focused below the thermocline in stratified water (Kokubun et al., 2008; Takahashi et al., 2008) .
Interestingly, when experiencing similar levels of food limitation, St. Paul and St. George birds employed different behavioral strategies. St. George birds traveled longer distances to forage at the continental shelf-break and in the basin at night, but these flight costs were presumably balanced by the benefits of feeding on higher density prey aggregations, and/or more lipid rich prey (squid) than birds on St. Paul (Pollock; Van Pelt et al., 1997). The energy value of squid has been shown to vary among species, and even be similar to pollock (Logerwell and Schaufler, 2005) . However, a recent study has shown that squid in the Southeastern Bering Sea have higher energy value than the Gulf of Alaska (Van Pelt et al., 1997; Whitman, 2010) , with squid caught on these surveys having higher total energy value per individual (19.26 kJ) than northern lampfish (11.37 kJ; Heppel and Benoit-Bird unpubl. Data).
Although St. George and St. Paul are situated close to each other, the two Pribilof Islands have different habitat availability (Schneider and Hunt, 1984) . The closer proximity of St. George to the continental shelf-break may buffer birds from changes in food availability on the shelf, whereas birds on St. Paul may be more vulnerable to climate effects on food resources in the shelf regions (Byrd et al., 2008a (Byrd et al., , 2008b . There is accumulating evidence for changes in biological communities associated with ecosystem shifts in the Bering Sea (Grebmeier et al., 2006) , and it has been suggested that the prolonged regimes observed during the last decades may be detrimental to populations of seabirds and northern fur seals (Callorhinus ursinus) breeding at the Pribilof Islands (Stabeno et al., 2012) . Piscivorous birds on the Pribilofs have been shown to experience greater food limitation during cold years (Kitaysky, Unpubl data; Benowitz-Fredericks et al., 2008 ; this study; Satterthwaite et al., 2012) , and a recent analysis of the relationship between environmental variables, productivity and CORT levels of seabirds suggests a potential decline of both Pribilof colonies if current cold conditions persist in the North Pacific (Satterthwaite et al., 2012) . Although there were relatively cold conditions for the Bering Sea in 2009 (Stabeno et al., 2012) and murres breeding on both Pribilof Islands were more foodlimited (higher CORT and lower co-attendance compared to Bogoslof), St. Paul birds were able to attain a similar level of energy balance as birds on St. George. However, this might not always be the case, for example if foraging conditions on the shelf deteriorate further, the additional distance to the productive continental shelf-break may be cost-prohibitive for murres to reproduce successfully on St. Paul Island. Conditions on St. Paul have certainly been shown to be poorer than St. George at least in some years, with higher CORT levels (Benowitz-Fredericks et al., 2008) and lower chick-feeding rates (Kitaysky et al., 2000) .
Interestingly, there was very little difference in the distance of foraging trips conducted during the day among the three colonies, with birds feeding on average ca 5 km from a colony. Birds at all three colonies traveled further distances at night, and this pattern was most pronounced on St. George. Many species of seabird alternate short foraging trips (which maximize food delivery to their offspring) with longer self-feeding foraging trips (to replenish their own energy reserves; Chaurand and Weimerskirch, 1994; Weimerskirch et al., 1994) . In murres, the distance of trips conducted during the day might be limited by the need to provision the chick a total of 3-4 meals day À 1 during daylight hours and the necessity for one parent to brood the chick continuously. In this study, we observed a large diurnal/nocturnal difference in foraging range, with birds at all three colonies conducting longer trips at night. Although there is some evidence that murres conduct both long and short trips under certain environmental conditions (Benvenuti et al., 1998; Watanuki et al., 2001) , further study is required to examine differences between day and night trip distances and the variability in night behavior under different environmental conditions and among colonies at different latitudes.
Birds at both St. George and Bogoslof conducted shallower dives at night, and the frequency of these shallow dives may even be underestimated because logger-settings prevented the recordings of depths less than 7 m (see Methods). Thick-billed murres on St. George have previously been shown to dive to depths no deeper than 5 m during the period of darkness, with dive depths becoming deeper as the sun rose (Takahashi et al., 2008) . Shallow night dives most likely reflect a greater abundance of prey in the epipelagic layer due to diel vertical migration (Katugin and Zuev, 2007; Kooyman et al., 1992) , lower light conditions for pursuit hunting, or both. A recent Bering Sea study linking observations of murres with the vertical accessibility and availability of their prey clearly shows that murres were conducting shallower dives at night in response to the diel migration of prey (Benoit-Bird et al., 2011). Some of the day-time foraging behavior will reflect dives for larger prey located at depth for chick provisioning (Ito et al., 2010) ; however, the majority of the dives conducted during the day were probably dedicated to self-feeding. Piatt et al. (2007) estimated that relatively little extra food-energy is required for murre parents to feed their chick: i.e., based on measurements of field metabolic rates (FMR; Gabrielsen, 1994) and assimilation efficiency (87%; Romano et al., 2006) , murres need to capture about 512 g of fish (at 5.0 kJ g À 1 wet mass), the equivalent of about 49% of their body mass. Despite this large daily food requirement for self-maintenance, raising a single chick only increases a parent murre food demands by about 8%, which might explain why we did not observe inter-colony differences in chick feeding rates.
Diet
Inter-colony differences in diet reflect the differences in foraging habitat. Our data indicated that Bogoslof birds were both self-feeding and provisioning their chick primarily on squid caught in the basin. Although squid are common mesopelagic prey in the Bering Sea that migrate to the upper 200 m at night (Sinclair et al., 1999) , their predominance in both adult and chick diet on Bogoslof suggests availability at depths r100 m during daylight hours. Squids of the family Gonatidae dominate the epipelagic cephalopod assemblages in the western Bering Sea. The majority of squid found in the top 50 m of the water column are at early stages of their development, and may have a limited ability to conduct diel vertical migration (Katugin and Zuev, 2007) . Squid are a significant source of prey for many seabird species (see Croxall and Prince, 1996 for a review), and more study is required on species identification, their availability in the water column, and their nutritional value to seabirds. The occurrence of euphausiids in the adult diet (but not in chick diet) on Bogoslof supports the predictions of Central Place Foraging Theory (Orians and Pearson, 1979) , with parents minimizing transport costs by provisioning prey items to their offspring that are larger and energetically richer than prey they ingest themselves (e.g. Gaston and Hipfner, 2000) .
Chick diet on St. Paul reflects the birds' relatively near-shore foraging behavior, with an abundance of pricklebacks and eelpouts (both benthic species), whereas St. Paul murre parents fed primarily on the (pelagic) pollock that were available on the shelf to the NW of the island in 2009 (Janelli et al., 2009 ). Diet at St. George was intermediate between St. Paul and Bogoslof, presumably reflecting the proximity of the island to both shelf and basin habitats. Parents were primarily foraging at night on or near the continental shelf-break, an area of high production where both squid and fish are known to concentrate and at least one important squid species (Berryteuthis magister) spawns (Sinclair and Stabeno, 2002; Sinclair et al., 2008) . However, both the dominance of squid in parental diet and their presence in chick diet suggests that a good proportion of squid were caught on the shelf during the day. The relatively high diversity of fish delivered to chicks at St. George could reflect the high diversity of local marine habitat (Sinclair et al., 2008) , lower abundance of prey in general (Schoener, 1971) , or a greater ability to identify fish by observers at the colony.
A total of 99 (71%) of the 139 collected lavage samples had prey remains. The number of empty samples differed among colonies; only 4% were empty on St. Paul, while 40% were empty on St. George, and 38% on Bogoslof. Differences in numbers of empty samples either reflect variation in sampling effectiveness among field-workers (which is unlikely because all field crews received training and followed the same lavage protocol), or differential digestion rates for different prey species (Furness et al., 1984; Wilson et al., 1985) , the effect of meal size on digestion rates (Neves et al.,2006) , and time of ingestion relative to water flushing (Neves et al., 2006) . Certain prey species, such as euphausiids, may be underestimated with this method because hard parts of prey are relatively resistant to digestion compared to soft-bodied prey, whereas cephalopods, in particular, may be overestimated due to the persistence of beaks in the stomach (Furness et al., 1984) . Although methods in our study were similar among colonies, the shorter duration of GPS deployment and distance of trips at night on St. Paul and Bogoslof may have resulted in a greater probability of recovering soft-bodied prey species than on St. George. This potential sampling bias may partly explain the higher proportion of squid in the diet of St. George adults than St. Paul, however, the difference is likely to be real because chicks on St. George were also fed more squid, and previous studies have shown that both seabirds and northern fur seals (Callorhinus ursinus) on St. George generally consume more squid than St. Paul (Sinclair et al., 2008) . Given constraints with differential digestion time of prey, stable isotope analysis may be a more appropriate method to quantify adult diet , although it would be impossible to distinguish between adult diet collected during day and night trips with this method.
Colony attendance
Murres have highly flexible time budgets, and have been shown to buffer chick-feeding rates and breeding success over a range of food availabilities, by allocating more time to foraging when conditions are poor . Our results support the flexible time budget hypothesis, with parents at both Pribilof Islands experiencing relatively poor foraging conditions, but maintaining similar chick-provisioning rates and fledging success by spending more time foraging than Bogoslof birds. However, this flexibility is not without its potential long-term costs, and high levels of CORT (Brown et al., 2005; Kitaysky et al. 2007 Kitaysky et al. , 2010 Romero and Wikelski, 2001) , and increased parental effort (Golet et al., 1998) may be detrimental to adult survival. Although colony attendance differed among colonies by only 3 min h À 1 , this translates to an extra 48 min in a 16 h day diverted to foraging. Harding et al. (2007) showed that provisioning rates are a non-linear function of colony attendance in the closely related common murre. In this study, chick-feeding rates plateaued at 4.3 meals 16 h À 1 day over a wide range in the amount of time parents spent at the colony. Only when attendance dropped below 63 bird min day À 1 -equivalent to the nonbrooding parent spending less than 50 min day À 1 at the colonydid provisioning rate diminish. These results suggest that attendance levels at the Pribilofs (63 min) may be at or near this lower threshold, and chick-feeding rates may start to decrease if foraging conditions deteriorate further.
Discretionary time spent at the colony and the relatively low CORT levels of parents on Bogoslof suggests that food in the basin may have been higher density and/or higher quality than on the shelf near the Pribilof Islands. However, although parents on Bogoslof had discretionary time available at the colony, they did not increase their provisioning rates. Perhaps there is little benefit for parents to feed offspring more than 3-4 meals day À 1 . Murre fledgling survival may not be as closely linked to condition at colony departure as in other species because chicks leave the colony at only 15-30% adult body mass, and are fed at sea by the male parent for an extended period of time (Gaston, 1985b) . Certainly, wild murre chicks have been shown to consume under their maximum limit (Harris and Wanless, 1995) . Alternatively, murre parents may have limited ability to increase parental effort (Erikstad et al., 1997; Kitaysky et al., 2000 ; but see Paredes et al., 2005) . Or, chick feeding rates may be constrained by the need for parents to spend time at the colony, with colony attendance by both parents more important on Bogoslof because of the presence of predatory glaucous-winged gulls Larus glaucescens (Martindale, 1982) , whereas there are almost no avian predators on the Pribilof Islands. Although more complete data are needed on fish identification and the nutritional value of squid, the higher proportion of larger prey items on Bogoslof Island suggests chicks were receiving more energy than chicks on the Pribilofs despite the similarity in provisioning rates among colonies. However, given that common murres chicks have been shown to survive on much less energy than that required for optimal growth (BenowitzFredericks and Kitaysky, 2005) , it is not surprising that presumed differences in chick daily energy intake among colonies were not translated into measures of fledging success.
Instrument effects and performance
Although GPS locations obtained in this study were frequent enough to estimate and compare maximum foraging distances among islands, deploying GPS loggers on a small diving and flying bird proved challenging. Several loggers were pecked off or damaged during deployment, and GPS loggers stopped recording data when birds were diving. The variation in gap duration presumably reflected both differences in dive duration and the time required for GPS units to reacquire satellite reception.
There is increasing evidence that data loggers can affect the behavior of birds (e.g., Passos et al., 2010; Wilson et al., 2002) . GPS units used in this study weighed between 10-14 g, and total instrumentation weight, including TDR (3.6 g), bands and tesa tape (4 g) was therefore about 20-21 g or approximately 2% of the average initial mass of GPS birds in this study (mean ¼1033.867 8.89 g, n ¼87). Although this mass is below the suggested threshold of 3% body mass (Philips et al., 2003) , and light compared to other loggers previously used on murres (see Takahashi et al., 2008 for summary), the necessity of a back-attachment is not ideal for diving birds and will have increased the effect of drag whilst underwater (Tremblay et al., 2003) . Thus, whilst it is unlikely that instrumentation had no effect, it is important to determine (a) to what extent the instruments distorted the normal behavior of the bird, and (b), whether the effect of the device varied among colonies.
Evidence of an effect of instrumentation on individual behavior is mixed. GPS birds were observed provisioning their chick, the vast majority of GPS nests successfully reared a chick, and the comparison of baseline CORT between deployment and recapture suggested negligible short-term physiological effect. However, parents at instrumented nests spent more time away from the colony, and feeding rates suggests some reduction in chick provisioning by the instrumented birds and compensatory behavior by their partners (Paredes et al., 2005) . Dives conducted by birds on St. George and Bogoslof were similar to those previously recorded for the species (Hedd et al., 2009; Takahashi et al., 2008) . Furthermore, although, birds at all three colonies lost mass during deployment on average, mass loss during the breeding season may be an adaptive adjustment for reducing flight costs and increasing foraging efficiency (Croll et al., 1991) , and we have no measure of mass loss on control (non-tagged) birds to determine logger effect.
Evidence on whether the effect of the device varied among colonies is also unclear. The effect of instrumentation on chickfeeding rates and attendance did not differ between St. George and St. Paul, and changes in CORT during deployment were similar between the two colonies. However, overall, 10% of nests where GPS loggers were deployed failed post-deployment, but this percentage was higher on St. George (25%) than both St. Paul (4%) and Bogoslof (3%), despite the similarity in fledging success among islands. St. George birds also lost the highest percentage of their initial body mass. Longer night foraging distances in combination with the dual instrument deployment (GPS and TDR) and lighter body mass of birds on St. George may explain why nest failure, recapture time, and loss of body mass during deployment were higher at St. George compared to those at St. Paul. While levels of abandonment in this study were not significant at a population level, more thorough tests are required to truly determine the influence of tags on the behavior of this species. Such tests could include the comparison of CORT and mass change between tagged and non-tagged birds over the same time period, and comparing the flight distance and dive behavior estimated from birds deployed with GPS units versus small time-depth recorders attached to the leg.
Conclusions
Foraging strategies of marine predators have been shown to vary both among species and populations (Lewis et al., 2001) , and the comparison of foraging behavior under different environmental conditions can help disentangle the various life-history, ecological and physical constraints on foraging behavior. Our study suggests that murres may have more flexibility to adjust foraging distances at night rather than changing their behavior during the day when chicks need frequent provisioning. Further study is now needed to examine variability in day and night-time behavior over a range of environmental conditions, and determine whether monitoring night behavior would provide a better indication of local prey availability than conventionally measured day trips.
Murres exhibited remarkable plasticity in foraging strategy among breeding colonies, even between the two colonies situated within commuting distance of each other. This flexibility appears key for allowing thick-billed murres to nest successfully in a wide range of colony environments. However, this flexibility is not without its potential long-term costs on adult survival, and even a small change in adult survival of long-lived species will have a large effect on population size (Doherty et al., 2004) . Our results also suggest that the relative importance of productive oceanographic features for foraging seabirds varies according to the location of the colony and general productivity of the local area. Foraging theory predicts that individuals should travel the minimum distance to meet energy requirements (Schoener, 1971) , and Bogoslof birds were able to maintain a high energy balance by foraging entirely in the deep oceanic waters surrounding the colony. Further work is needed to assess whether productivity in basin waters surrounding Bogoslof is influenced by passes in the Aleutian Chain that promote high productivity through powerful tidal mixing and the upwelling of nutrients (Mordy et al., 2005) . Although colony proximity to important oceanographic features did not totally explain inter-colony differences in food limitation in 2009, the closer proximity of St. George to the continental shelf-break and access to higher energy basin-based prey may be an important buffer in years when food supply on the shelf is poor (Byrd et al., 2008b) . hormonal analysis, and K. Turco for her invaluable expertise and
